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(57) Abstract 



nie present invention relates to a method of and apparatus for feeding a chemical into a liquid flow. The mcttiod and apparatus 
acconiinR to the invention are most preferably utilized for feeding a retention aid into fiber suspension flow going to the hcadbox of a paper 
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into the fiber suspension flow (70) guided to the paper machine, which feeding liquid is preferably some circulation water from the paper 
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METHOD AND APPARATUS FOR FEEDING A CHEMICAL INTO A LIQUID 
FLOW 

The present invention is related to a method and apparatus for feeding a chemical into 
a liquid flow. The method and apparatus of the mvention are particularly well appli- 
cable to homogeneous adding of a liquid chemical into a liquid flow. Preferably the 
method and apparatus according to the invention are used for feeding a retention aid 
into fiber suspension going to the headbox of a paper machine. 

Naturally, there is practically an innumerable amount of prior art methods of feeding 
various chemicals into liquid flows. These methods may be divided into a few main 
categories, though, as seen from the following. Firstly, it is quite possible to just let 
the liquid to be added flow freely into a second liquid without employing any special 
regulation or mixing means. This method of adding can not be employed in situations 
where the mixing ratio or homogeneity is of significance. Neither can it be employed 
in situations where the price of the chemical to be added is of significance. The next 
applicable method is to feed the chemical in a strict proportion to the liquid flow, 
whereby correct and economical proportioning is obtained. However, even in this case 
one has to take into account that usually the proportion of the chemical is slightly ex- 
cessive compared to the optimal proportioning, because the mixing is known to be 
inadequate. The mixmg may be improved, though, by feeding the chemical e.g. 
through a perforated wall of a flow chaimel, whereby the chemical to be mixed may at 
least be spread throughout the liquid flow. Lastly, a situation may be considered, 
where the chemical is fed in a strict proportion either into the liquid flow on the up- 
per-flow side of the mixer or through the mixer itself into the liquid. In that case, the 
efficiency of the mixing of the chemical into the liquid flow is totally dependent on 
the mixer design. 

Papermaking is in its own way a very demanding special field when chemical mixing 
is concerned. When using paper chemicals, it is good to bear in mind that their precise 
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and homogeneous mixing is of vital importance in the short circulation of a paper ma- 
chine. Homogeneous mixing means in a direct sense better quality and homogeneity 
of paper. At the same time, the process may be carried out without disturbances and 
problems. Poor mixing, on the other hand, requires chemical overdosing, which may 
increase the production costs remarkably. It is self-evident that m case of poor mix- 
ing, the quality of the paper and the operation of the process are not satisfactory. The 
existing mixing technique utilizes, on the one hand, clean w^ter fractions both as di- 
lution waters and as so-called "whip-water" which is used in order to intensify the 
mixing. On the other hand, efforts are made to close the water circulations of paper 
mills, whereby the feeding dosage of clean water into the system should be decreased, 
and internally clarified fractions or some non-treated direct flow from the process, 
such as e.g. filtrates, should be used instead. The existing systems for the mixing of 
chemicals do not allow or allow only to a small extent the use of water fractions of 
internal processes. 

An essential case of mixing relating to paper manufacture is the nuxing of a retention 
aid into fiber suspension flow going to the headbox of a paper machine. In paper 
manufacture, retention chemicals are used especially in order to improve the retention 
of fines at the wire part of the paper machine. As retention aid a chemical is used, long 
molecular chains of which bind together solid matter particles of the pulp and thus 
prevent the fines from passing, during the web formation stage, together with water 
through the wire. The retention aid should be mixed into the pulp as homogeneously 
as possible in order to gain the maximum effect of the chemical and to avoid variation 
of paper characteristics caused by retention fluctuations. Mixing, on the other hand, 
means that the liquid is subjected to a turbulent flow, the shearing forces of which 
break/may break long molecular chains, which naturally weakens the effect of the re- 
tention aid. Nevertheless, there are different kinds of retention aids. Sensitive to the 
effects of a turbulent flow are, e.g., polyacrylic amides, broken molecular chains of 
which are not known to be restored to their former length after the turbulence has at- 
tenuated, but there are also retention aids (e.g. polyethyleneimines), molecular chains 
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of which are restored to their essentially original length shortly after the turbulence 
has attenuated. 

In the short circulation of a paper machine, the feed point of the retention aid depends 
to a great extent on the retention aid used, the state of the flow from the feed point to 
the headbox lip, and the pulp used. The introduction of retention aids sensitive to 
shearing forces usually takes place immediately after a means (that may be a pump, a 
screen or a centrifugal cleaner) that causes shearing forces and is placed prior to the 
headbox, the feeding being carried out either into one spot or e.g. into the accept pipe 
of each pressure screen. It is also possible to use several retention aids of various types 
at the same time and introduce them into the fiber suspension by stages. The part of 
retention aids which is resistant to shearing forces may be fed as early as into the high- 
consistency pulp or prior to the headbox feed pump, and the part of retention aids 
which is sensitive to shearing forces is usually introduced not until the fiber suspen- 
sion feed pipe prior to the headbox. 

At present, as feeders of retention aids two types of apparatus are mainly used. A sim- 
pler apparatus (Fig. la) comprises an annular manifold placed around the pulp flow 
channel in a distance therefrom, connected by a number of feed pipes (at least four 
feed pipes) with the pulp flow channel so that the retention aid is discharged via said 
feed pipes in an even flow to the pulp flowing in the channel. A second possibility 
(Fig. lb and Ic) is to take e.g. two feed pipes crosswise through the flow channel and 
provide the part of the feed pipes which is left inside the flow channel with retention 
aid feed holes or slots, through which the retention aid flows in an even stream into 
the pulp, whereby the mixing result is to some extent better. At present, retention aids 
are fed into the fiber suspension flow under a relatively small pressure difference, 
whereby the retention aids form their own flow channels or at least a distinct danger 
exists that they are channeled inside the fiber suspension flow. In other words, in re- 
tention aid feeding it is commonly presumed that after the feeding point of the chemi- 
cal there is a mixing apparatus that mixes the chemicals homogeneously into the fiber 
suspension. On the other hand, the amount of retention aid that is fed into the fiber 
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suspension is chiefly based on practical knowledge from experience. This means that 
in practice retention aids are mixed into fiber suspension in an amount big enough to 
ensure the desired effect. In fact, this means a remarkable overdosing of retention 
chemicals (sometimes even by tens of percents) due to not homogeneous mixing. 

5 

It is characteristic of retention aids and their introduction that the retention aids are 
delivered to paper mills, in addition to liquid form, also as powders vMch are used 
depending on the paper to be made and the material to be used in an amount of about 
200 - 500 g per one paper ton. A retention aid in powder form is mixed into fresh 

10 water in a special mixing tank in a proportion of 1 kg of powder to about 200 liters of 
clean water. This is because retention aids are known to react with, that is to stick 
onto, all solid matter particles in the flow very quickly, in about a second, which 
means that the dilution liquid has to be as clean as possible. In other words, in this 
stage, per 1 ton of produced paper 40- 100 liters of clean water is used for retention 

15 aid production. Consequently, the consumption per day is, depending on the. produc- 
tion of the pj^er machine, 10-100 cubic meters (here the production is estimated to 
be 250 - 1000 tons of paper per day). Nevertheless, this first dissolution stage is not 
the stage where water is used at the most, as in prior art processes this retention aid 
solution is further diluted into, e.g., one fifth of its concentration, which in practice 

20 means that for this so-called secondary dilution 200 - 500 liters of clean water is used 
per 1 paper ton. This results in a calculated daily consumption of 50 - 500 cubic me- 
ters of clean water per one paper machine. 

In other words, until now it has been accepted that for the dilution of the retention aid 
25 per one paper machine hundreds of cubic meters of clean water is needed per day. 
Nevertheless, this has to be understood as a clear drawback, especially in cases when 
the paper mill is known to have great amounts of various circulation waters available, 
which might be utilized for this purpose, too. The only precondition for the use of cir- 
culation waters is that there should be a way to prevent retention chemicals from re- 
30 acting with the solid matter in the circulation waters. 
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On the one hand, one has to bear in mind that the short circulation of a paper machine 
employs, due to large amounts of liquid, large-sized pipes. For example, as a feed pipe 
of the headbox of a paper machine, a pipe with a diameter of about 1000 mm may be 
used. This is one of the reasons why mixing a relatively small additional flow, such as 
5 a diluted retention aid, homogeneously into a wide flow channel is problematic. 

On the other hand, the construction of the above described, presently used retention 
aid feeding apparatuses is very simple. When considering their operational efficiency, 
i.e. the homogeneity of the mixing, one might even say that they are too simple. In 
10 other words, the simplicity of the apparatus and the feeding method of chemicals, re- 
sulting in non-homogeneous dosing and also degradation of chemical molecules, in- 
evitably lead to remarkable overdosing of chemicals, as the basic goal inevitably is to 
achieve a certain wire retention on a paper machine. 

1 5 A further evident problem discovered in prior art processes is connected with the most 
traditional way of mixing the retention aid into the fiber suspension, that is prior to the 
headbox screen. Because the reaction time of a retention aid was known to be short, 
the headbox screen was considered a magnificent place for homogeneous and quick 
mixing of the retention aid into the pulp. And so it was when headbox screens of old 

20 art where used, which had a hole drum as a screening member. But now, with slot 
drums conquering the market, it has been discovered that the retention aid is capable 
of forming flocks prior to the slot drum, and thus a great amount of both the retention 
aid and the fines of the fiber suspension otherwise usable is, at best, rejected or, at 
worst, clogs the fine slots of the slot drum. 

25 

As noticed fi-om above, numerous drawbacks and disadvantages have been discovered 
for example in the feed of retention chemicals. For solving e.g. the above mentioned 
problems of prior art, a new method and apparatus have been developed, which allow 
feeding into the liquid flow even chemicals consisting easily degrading polymeric 
30 chains, for instance retention chemicals, so that the polymeric chains remain non- 
degraded to a remarkably larger extent than before. As another advantage of the 
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method and apparatus according to the invention we may mention, e.g., a substantial 
decrease in the consumption of fiesh water in a paper mill, when desired, and an es- 
sentially more efficient and homogeneous mixing of retention aids into the fiber sus- 
pension. 

5 

The characterizing features of the method and apparatus of the invention are defined 
by the appended patent claims. 

In the following, the method and apparatus according to the invention are disclosed in 

10 more detail with reference to the appended figures, where 

Fig. la, lb and Ic illustrate prior art retention aid feeding apparatuses. 

Fig. 2 illustrates a retention aid feeding process according to a preferred embodiment 

of the invention connected with the short circulation of a paper machine. 

Fig. 3 illustrates a retention aid feeding-Zmixing apparatus according to a preferred 

1 5 embodiment of the invention, 

Fig. 4 illxistrates a retention aid feeding-Zmixing apparatus according to a second pre- 
ferred embodiment of the invention, 

Fig. 5 illustrates a retention aid feeding-Zmixing apparatus according to a third pre- 
ferred embodiment of the invention, 
20 Fig. 6 illustrates an arrangement of a retention aid feeding-Zmixing apparatus in con- 
nection with the fiber suspension flow channel according to a preferred embodiment 
of the invention. 

Fig. 7 illustrates an arrangement of a retention aid feeding-Zmixing apparatus in con- 
nection with the fiber suspension flow channel according to a second preferred em- 
25 bodiment of the invention, 

Fig. 8a and 8b illustrate an arrangement of a retention aid feeding-Zmixing apparatus 
in connection with the fiber suspension flow channel according to a third preferred 
embodiment of the invention. 

Fig. 9 illustrates a detail of the retention aid feeding process of Fig. 2 according to a 
30 preferred embodiment of the invention. 
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Fig. 10 illustrates an alternative to a detail of the retention aid feeding process of Fig. 
9 according to a second preferred embodiment of the invention, and 
Fig. 1 1 illustrates an alternative to some details of the retention aid feeding process of 
Fig. 9 and 10 according to a third preferred embodiment of the invention. 

According to Fig. la, prior art feeding arrangement of retention aid comprises a fiber 
suspension flow channel 2 surrounded by an annular retention aid manifold 4, into 
which retention aid is introduced through conduit 5. Therefrom a number of feed 
pipes 6 (in the figure four feed pipes) lead to the flow channel 2, which feed pipes 
open into the flow channel 2 so that the retention aid from feed pipes 6 may finely 
flow into the fiber suspension. As already mentioned, the feeding according to prior 
art is carried out so that the chemical is allowed to flow into the fiber suspension at a 
relatively low pressure difference, whereby the fmal mixing is presumed to take place 
in a mixing apparatus, such as e.g. the headbox feed pump or the headbox screen. 
Figures lb and Ic illustrate a second, alternative solution. In this solution, two reten- 
tion aid feed pipes 16 are arranged inside flow channel 2, said feed pipes having feed 
holes or feed slots 18 in the area inside the flow channel. In the latter alternative, re- 
tention aid is more efficiently mixed with the flowing fiber suspension, because the 
retention aid may be proportioned also into the center of the flow. 

Fig. 2 illustrates an arrangement of the short circulation of a paper machine partially 
acconiing to both prior art and a preferred embodiment of the invoition, mainly in 
view of retention aid introduction. In a process according to fig. 2, the fiber suspen- 
sion to be fed to the paper machine is diluted to applicable consistency in a wire pit 20 
with white water from the paper machine 22, although a separate mixing tank may be 
utilized. Other adequate liquids may be used for dilution too, if desired, as for instance 
filtrate from a white water filter. From the wire pit 20, tiie fiber suspension is guided 
by means of a pump 24 to centrifugal cleaning 26 and further to a gas separation tank 
28. Gas-free fiber suspension is pumped by means of a headbox feed pump 30 into a 
headbox screen 32, and after tiiat in a feeding-Zmixing apparatus 34 a retention aid is 
added into tiie fiber suspension prior to transporting tiie fiber suspension to die head- 
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box 36 of the paper machine 22. The process arrangement described above may be 
considered as prior art. 

In Fig. 2 there is also a schematic illustration of the treatment of a retention aid prior 
5 to the retention aid is fed into the fiber suspension. The retention aid in liquid or pow- 
der form is mixed into fresh water, clean water in order to avoid flocculation, in a 
container 40, wherefrom the retention aid solution is proportioned by means of a 
pump 42 directly into a feeding-Zmixing apparatus 34. In arrangements according to 
prior art, the retention aid solution was either taken into a second mixing container 

10 where it was further diluted to a final concentration of about 0.05 - 0.1 %, or the cor- 
responding dilution was carried out in the flow channel. Fig. 2 shows further a pipe 44 
leading from the vrae pit 20 of the paper machine to the mixer 34. In other words, in 
an arrangement according to this embodiment, white water is applied from wire pit 20 
into the mixer 34 for fiirther dilution of the retention chemical, which white water thus 

15 contains fines filtrated off the fiber suspension through the vnrc. Naturally, for in- 
stance filtrate from white water filter or some other filtrate obtained from the process 
may be used for the dilution. Another additional possibility shown in Fig. 2 is a pipe 
48, through which more clean water or fresh water may be introduced into the reten- 
tion aid solution in order to dilute the solution, if desired. 

20 

Fig. 3 illustrates schematically a mixing apparatus according to a preferred embodi- 
ment of the invention. The mixing apparatus 34 according to Fig. 3 is, in fact, a no22le 
comprising preferably an essentially conical casing 50, flanges 52 and 54 arranged 
into it and preferably, but not necessarily, placed at its opposite ends, and a conduit 56 

25 for the retention chemical. The mixing apparatus 34 is connected via flange 52 to a 
dilution medium pipe (whip water pipe) and via flange 54 to the fiber suspension flow 
channel. In the arrangement according to the fig., the casing 50 of the mixing appara- 
tus 34 is converging from flange 52 towards flange 54 inside of which is the opening 
58 of the mixing apparatus. A purpose of the conical form of the casing 50 is to accel- 

30 erate the medium flow in the mixing apparatus 34 so that the velocity of the jet dis- 
charging from the mixing apparatus 34 into the fiber suspension flow is at least three 
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times, but preferably about five times the velocity of the fiber suspension flow. This 
velocity difference ensures that the retention chemical jet penetrates quickly enough 
and deep enough into the fiber suspension flow to be mixed with the fiber suspension 
essentially more homogeneously than in prior art embodiments. In the embodiment 

S according to Fig. 3, the retention chemical feeding conduit 56 is preferably tangential 
in order to ensure that retention aid discharging through opening 58 of the mixing ap- 
paratus 34 into the fiber suspension flow is distributed homogeneously at least on the 
whole periphery of the opening 58. At the same time, tangential feeding ensures that 
the retention chemical is mixed into the whip water under minimum possible shear 

10 forces in order to prevent the polymeric chains of the chemical from degrading. 

Fig, 4 illustrates as an additional embodiment of the mixing apparatus 34 of fig. 3 a 
hollow annular member 60 arranged centrally inside the mixing apparatus 34, into 
which member the retention aid is guided via conduit 56. hi this embodiment, the 

15 member 60 essentially comprises two rotationally synmietrical shells 59 and 61 and 
possibly one end wall 62. Further, at the end of member 60, on the fiber suspension 
flow channel side, there is a preferably annular opening 64 provided, through which 
the retention chemical is allowed to be discharged into the fiber suspension. The re- 
tention chemical conduit 56 pierces the wall of the conical casing 50 of the mixing 

20 apparatus 34 and fiirther leads via the annular space between the conical casing 50 and 
the member 60 into the member 60 through the outer shell 59, at the same time pref- 
erably carrying the member 60 in its place. In this embodunent, the inner shell 61 re- 
stricting the member 60 is cylindrical and forms or comprises a pipe 62, through 
which part of the dilution medium flow i.e. whip water is allowed to discharge into 

25 the fiber suspension flow. In this embodiment, the retention aid flow guided tangen- 
tially into member 60 turns in form of a spiral flow towards its own annular opening 
64, through which the retention aid is discharged as a fan-shaped jet into the fiber sus- 
pension together with the dilution liquid discharging in this embodunent both fi-om 
outside the opening 64 through the annular opening 58, and fi-om mside the opening 

30 64 through pipe 62. An additional purpose of member 60 is to fiirther throttle the 
cross-sectional flow area of the mixing apparatus in order to insure a sufBcient veloc- 
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ity difference between the retention aid flow and the fiber suspension flow. A second 
purpose of member 60 is to enable the mixing of the retention aid with the dilution 
liquid to take place essentially at the same time that the retention aid is being fed into 
the fiber suspension flow. The figure clearly shows that the retention aid need not 
5 necessarily be in any contact with the dilution liquid before it is discharged through its 
opening 64 into the fiber suspension flow channel. 

Fig. 5 illustrates a retention aid feeding-Zmixing apparatus according to a third pre- 
ferred embodiment of the invention. In principle, the apparatus is exactly similar to 

10 the one of Fig. 4, but it clearly differs firom previous apparatuses by both its coupling 
to the process and by its operational characteristics. In the apparatus of Fig. 5, the in- 
ner pipe 62 of member 60 is connected to the process via its own flow path 162 and 
the outer pipe of the apparatus 34, forming the wall of the conical casing SO, via its 
own flow path 144. Both flow paths 144 and 162 are provided with flow regulation 

IS devices 146 and 164, preferably valves. The flow pipe 144 fimctions as already stated 
before, but into the inner pipe 62 of member 60 it is now possible to mtroduce e.g. 
either clean water, some circulation water fix)m the paper mill, white water, clear fil- 
trate or some other non-clean liquid stiitable for that purpose, even fiber suspension 
fed into the headbox. Further, through flow path 162 it is possible to introduce, if de- 

20 sired, a retention aid component, especially in question of a retention aid containing 
several components. As an example, a short-chain retention chemical might be men- 
tioned, in case the retention aid is formed of a long^chain and a short-chain chemical. 
In that case, the long-chain chemical is supplied tangentially into member 60 earlier, 
through conduit 56 illustrated in Fig. 3 and 4. That is, liquids introduced through flow 

25 paths 144 and 162 may be of similar or different character, depending on the applica- 
tion. 

An advantage of separate feeding through flow path 162 is that by changing the 
amount of the feed, the effect of the liquid discharging from inner pipe 62 on the 
30 mixing of the chemical may be regulated. For instance, by introducing a large amount 
of liquid through inner pipe 62, the retention chemical is made to penetrate deeper 
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into the fiber suspension flow. Accordingly, by feeding in a smaller amount of liquid 
through inner pipe 62, the penetration of the retention chemical is reduced, too. 

Further, it is worth mentioning that in a solution according to both Fig. 4 and Fig. S, 
S the retention chemical feed is very gentle compared to prior art methods of retention 
chemical introduction. As the retention chemical in any case is formed of molecules 
composed of polymeric chains, these should be fed with additional water introduction 
as gently as possible, in order to prevent the very sensitive polymeric chains from 
breaking and, subsequently, in order to avoid a remarkable reduction in the effect of 
10 the retention chemical. When the chemical is supplied in the apparatuses according to 
Fig. 4 and 5 as a fan-shaped jet into the water discharged through the annular opening 
58, shearing forces between the water and the chemical solution are reduced to mini- 
mum. The desired functioning of the feeding-Zmixing apparatus according to the in- 
vention is proved by the test results, which show that the utilization of the apparatus 
15 according to the invention improves wire retention by at least 10 %. The only expla- 
nations for the advantageous test results are more precise and more efBcient mixing of 
the chemical and reduction in the degradation of the polymeric chains of the chemical 
during the mixing. 

20 As a further preferred embodiment of the apparatus according to the invention, the 
improvements made in the feeding-Zmixing apparatuses of Fig. 4 and 5 are worth 
mentioning. Our tests showed that the position of both the inner pipe 62 of member 
60 and the outer shell 59 of member 60 in the axial direction of member 60 in relation 
to the end of the casing 50 of the feeding-Zmixing apparatus 34 has an effect on the 

25 efficiency and accuracy of chemical mixing. Thus, in the most advanced version both 
said shells 59 and 61 are made separately movable in the axial direction of member 
60. One possibility of doing this is to arrange the inner pipe 62 totally separate so that 
it slides along the inner surface of the mner shell 61 of member 60 and further in re- 
lation to the member 60 itself so that the member 60 sUdes in relation to the inner pipe 

30 62. In that case it is, naturally, advantageous to supply the liquid into both the inner 
pipe 62 and the member 60 in their moving direction i.e. in the axial direction, 
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\^ereby the liquid feed pipes (corresponding to conduit S6 and flow path 162 of Fig. 
5) are arranged slidably sealed in relation to the member 60 and the inner pipe 62. 

A further additional modification of the feeding-Zmixing apparatus according to the 
S invention is to arrange at the end of the inner pipe of member 60 or at the end of pipe 
62 arranged inside member 60 a nozzle head which closes the opening of pipe 62 at 
the axis, leaving an essentiially annular slot between itself and the rims of the pipe 
opening. This construction insures that the liquid jet discharging from pipe 62 is well- 
spreading and of essentially conical form. 

10 

Fig. 6 illustrates schematically a possible arrangement of the feeding-Zmixing appara- 
tuses 34 of Fig. 3 in connection with the fiber suspension feed pipe 70. In principle, 
this is carried out in a way demonstrated in Fig. la. The only difference from the prior 
art method according to Fig. la - excluding the feeding of dilution liquid into the 
1 S mixing apparatus and the point that as dilution liquid somethmg else than clean water 
is used - is, in practice that the retention chemical solution discharging from the mix- 
ing apparatus 34 is plaimed to penetrate so deep into the fiber suspension flow in the 
feed pipe 70 that the retention chemical is mixed practically into the whole fiber sus- 
pension flow. 

20 

Fig. 7 illustrates a second preferred method of feeding a retention chemical from the 
mixing apparatus 34 into the fiber suspension flow. In this embodiment, the mixing 
apparatuses 34 are arranged staggered opposite each other e.g. at the accept outlet 72 
of the headbox screen or at another pipe of corresponding shape. The end of said out- 

25 let 72 facing~^th'e sa^en housing is arrahged^ 

point on, towards the feed pipe 70 leading to the headbox, it takes a round shape. The 
mixing apparatuses 34 are placed at the side walls of the outlet conduit 72 so that the 
retention aid jets discharging from the mixing apparatuses cover an essential part of 
the total cross section of conduit 72. Only at two comers of conduit 72 there is a small 

30 uncovered space left, which is not significant in respect of the mixing of the retention 
aid, as the fiber suspension flow whra discharging from the screen is in such a heavy 
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turbulence that the retention aid is mixed practically completely into the fiber suspen- 
sion during the short interval available for that. 

Fig. 8a and 8b illustrate still a further alternative solution for the construction of a 

5 mixing apparatus according to the invention. The solution is mainly based on a round 
pipe according to Fig. 6, whereby there is a problem, especially in question of big 
pipes that liquid jets of mixing apparatuses penetrate into the pulp flow in a round 
pipe only to a restricted depth. Thus, jets from mixing apparatuses placed on the pe- 
riphery of the pipe do not necessarily, in all circumstances, get into the center of the 

10 pipe, and the chemical is not mixed therein. And, if all jets from mixing apparatuses 
placed on the periphery of the pipe do get into the center of the pipe, the crossing ar- 
eas may be subjected to chemical overdosing. The said problem has been avoided in 
the embodiment according to the figure by changing the shape of pipe 78 at the mix- 
ing point to be elliptical (preserving advantageously the same cross-sectional flow 

IS area). The mixing apparatuses 34 are placed on the periphery of the ellipse so that 
their jets are directed through the narrowest part of the ellipse, as shown in Fig. 8. In 
the embodiment according to the figure, the distance from the mixing apparatus 34 to 
the opposite side of pipe 78 is reduced by half compared to an analogous situation in a 
round pipe (Fig. 6). The amount and location of the mixing apparatuses 34 are chosen 

20 so that jets from the mixing apparatuses 34 form an essentially even cover on the cross 
section of the elliptic pipe 78. As advantages compared to a round pipe, it is worth 
mentioning that practically 100% of the pipe cross section is covered by the jets, and 
further the fact that in an elliptic pipe, just as in a rectangular pipe according to Fig. 7, 
overlapping, crossing jets are not formed. As a result, no local overdoses occur and 

25 neither passing through of untreated pulp, i.e. pulp which has not come to contact with 
the retention chemical. An elliptic flow channel is arranged separately in a longish 
direct pipe line, for example according to Fig. 8b, or e.g. the accept opening of the 
headbox screen is made elliptic or rectangular. Fig. 8b illustrates an arrangement of 
the mixing apparatus/es in an elliptic pipe section 78 between cylindrical pipe sections 

30 80' and 80". Preferably the reshapmg of the cross section of a pipe from elliptic to 
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cylindrical and vise versa is perfonned so that the cross sectional area remains con- 
stant, which means that also the flow speed, accordingly, remains constant. 

Fig. 9 illustrates the coupling of a mixing apparatus 34 fixed in a flow channel leading 
to the headbox with various pipe lines. As seen already from Fig. 3 and 4 and partly 
from Fig. 2, retention aid solution produced in a solution tank 40 (Fig. 2) is trans- 
ported to conduit 56 of the mixing apparatus 34 through pipe 43. Pipe 43 is provided 
with a filter 74 for separating fi*om the solution the insoluble materials possibly left 
therein. If desired, additional dilution water, preferably clean water, may be brought 
into the retention chemical solution through pipe 48. In this embodiment, that is illus- 
trated to take place between filter 74 and the mixing apparatus, but it is naturally pos- 
sible to introduce the additional dilution liquid into the upper-flow side of filter 74. 
This is not necessary, though. Additionally, a suitable feeding liquid is introduced into 
the mixing apparatus 34 through pipe 44 fixed on flange 52, which feeding liquid may 
be white water from the wire pit according to an embodiment of Fig. 2, clear or turbid 
filtrate or some other liquid suitable for the purpose. 

Fig. 10 illustrates an alternative to the feeding liquid of Fig. 2 and 9. Fig. 9 illustrates 
a minor side flow fix>m feed pipe 70 into pipe 44 , which side flow is fed at an in- 
creased pressure by means of a pump 76 into the mixmg apparatus 34. In other words, 
as feeding liquid the same fiber suspension that is already being fed into the headbox 
is used. 

Fig. 1 1 illustrates further the coupling of the feeding-Zmixing apparatus of Fig. 5 with 
the rest of the process. The figure shows how white water from'the wire pit, clear or" 
turbid filtrate or some other liquid suitable for the purpose, or fiber suspension being 
fed to the headbox in principle exactly in accordance with Fig. 9 and 10, is supplied 
into the apparatus through flow path 144. But, according to the embodiment of Fig. 5, 
the inner pipe 62 of member 60 of the apparatus 34 is connected to an outer flow path 
162 which may lead either to a retention chemical solution tank 140, various sources 
of additional liquid, e.g. white water, clear or turbid filtrate etc., or to a source of clean 
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liquid. Further the figure Ulustrates how both flow paths 144 and 162 are provided 
with valves 146 and 164 for regulating the liquid flow in said flow paths in a desired 
way. 

5 As for the feeding-Zmixing apparatus described above, one has to understand that, al- 
though it is most preferably operating and located when fastened directly in the flow 
channel wall, whereby the mixing of the retention chemical into the "whip water" may 
be carried out practically at the interface of the feeding-Zmixing apparatus and the 
flow channel, it is, of course, possible to place the feeding-Zmixing apparatus accord- 

10 ing to the invention further away from the fiber suspension flow channel. A precon- 
dition for this is, however, that all the liquids used in the mixing are clean waters, i.e. 
without suspended matters that the retention chemical might react with. In other 
words, by essentially increasing the consumption of clean water, the mixing of the re- 
tention chemical into the whip water may be arranged to take place further away from 

1 5 the fiber suspension flow channel leading to the headbox. At the same time, ahnost all 
advantages mentioned above may be obtained. The only disadvantage, apart fix)m the 
increasing consumption of clean water, is a slightly harder treatment of the retention 
chemical in the stage when it is actually mixed into the fiber suspension. 

20 When the mixing apparatus is placed further away firom the fiber suspension flow 
channel, the retention aid has time enough to be completely mixed into to the so- 
called whip water, whereby, when this discharges into the fiber suspension flow duct, 
part of the retention chemicals is subjected to shearing forces strong enough to cause 
part of the polymeric chains to degrade and the retention chemical to possibly lose 

25 some of its effect. 

Nevertheless, when the mixing of the retention chemical into the so-called whip water 
in the actual feeding-Zmixing apparatus has been carried out gently, i.e. by feeding the 
retention chemical in a tangential flow through an annular opening 64 into the whip 
30 water discharging from an outer annular opening 58 at an exactly appropriate speed so 
that practically no injuriously great shear forces are generated between the liquids, the 
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retention chemical is not damaged prior to the actual mixing into the fiber suspension, 
whereby practically the whole retention aid with its total effect is still usable when 
being mixed into the fiber siispension. 

5 In addition to the embodiments described above, it is, of course, possible to arrange a 
special mechanical mixer in connection with the mixing apparatus, by means of which 
mixer the retention chemical solution is mixed into the feedmg liquid. When applying 
this method, a mixing apparatus according to Fig. 3 and 4 with its tangential feeding 
of retention chemical is not necessarily needed. Accordingly, a high-pressure pump 

10 for transporting the retention chemical solution into the mixing apparatus is not neces- 
sarily needed, either, because the mechanical mixer that is used may be a mixer that 
increases the feeding pressure. 

As may be seen fi-om the above, a new method of feeding and mixing a retention 
15 chemical into fiber suspension flow has been developed. Referring to what has been 
stated here, one has to notice that the figures illustrate many different embodiments of 
the invention suitable to be used together depending on what is needed. Further, one 
has to notice that although the invention has been illustrated m the text only in con- 
nection with the mixing of retention chemicals in paper manufacturii^, the invention 
20 may be utilized also in other connections demanding homogeneous and, at the same, 
time, gentle mixing of a chemical into a hquid. Further one has to notice that none of 
the embodiments illustrated in the figures excludes the possibility that the arrange- 
ment to be applied and protected by the patent claims might be simpler than the entity 
illustrated in the figures. Thus, the field of application and the scope of protection of 
25 the invention are described by the appended patent claims only. 
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We claim: 

1. A method of mixing a liquid chemical into a second liquid in a mixing appa- 
ratus, characterized in that 

a) • an annular flow is fonned of said second liquid in a mixing apparatus, 

b) said chemical is fed into a mixing apparatus tangentially in order to form a 

spiral-formed chemical flow, 

c) said spiral-formed chemical flow is guided inside the annular flow formed of 
said second liquid, and 

d) the chemical is allowed to be mixed into said second liquid. 

2. A method according to claim 1, characterized in that from inside the spiral- 
formed chemical flow a third flow is fed into the flow formed of said chemical flow 
and the flow formed of said second liquid. 

3. A method according to claim 1, characterized in that said second liquid is 
fresh water or clean water. 

4. A method according to claim 2, characterized in that said third flow is 
formed of fresh water or clean water. 

5. A method according to claim 2, characterized in that said tWrd flow is 
formed of a chemical solution. 

6. A method according to claim 1, characterized in that said chemical is a re- 
tention chemical used in paper manufacture or some other chemical at least partly 
comprising polymeric chains. 

7. A method according to claim S, characterized in that the chemical consisting 
in said chemical solution is a retention chemical used in paper manufacture or some 
other chemical at least partly consisting of polymeric chains. 
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8. A method according to claim 6, characterized in that stage d) is carried out 
by discharging said spiral-formed chemical flow and the armular flow formed of said 
second liquid into the fiber suspension flow going to the headbox of a paper machine. 

5 

9. A method according to claim 6, characterized in that in stage d) the chemical 
is allowed to be mixed into said second liquid essentially when these are being fed 
into the fiber suspension flow guided to the paper machine. 

10 10. A method according to claim 8 or 9, characterized in that said second liquid 
is some circulation liquid firom the paper mill, white water, clear filtrate, turbid filtrate 
or some other suitable non-clean liquid which is used as retention chemical feed liq- 
uid 

IS 11. A method according to claim S, characterized in that said chemical flow is 
formed of a retention chemical solution or some other chemical at least partly con- 
sisting of polymeric chains. 

12. A method according to claim 2, characterized in that said third flow is 
20 formed of a chemical feed liquid, such as circulation water fi-om the paper mill, white 

water, clear filtrate, turbid filtrate or some other non-clean liquid suitable for the pur- 
pose. 

13. A method according to claim 10 or to claims 10 and 12, characterized in 
2S that the mixture of said retention chemical solution and feed liquid is fed into the fi- 
ber suspension flow guided into the paper machine, between the headbox screen and 
the headbox of a paper machine. 
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14. A method according to claim 10 or claim 12, characterized in that the feed- 
ing liquid used is clear or turbid filtrate from an appropriate process apparatus, e.g. 
from the white water filter. 

15. A method according to claim 6, characterized in that in stage d) the second 
liquid used, i.e. a so-called feed liquid, is fiber suspension led to the paper machine. 

16. A method according to claim 6, characterized in that the flow speed of the 
mixture of retention chemical solution and feed liquid fed into the fiber suspension led 
to the paper machine is at the feeding stage at least three times, preferably five times 
the flow speed of the fiber suspension led to the paper machme. 

17. A method according to claim 6 and claim 11, characterized in that the mix- 
ing of a retention aid comprising two components is carried out essentially when these 
are being fed into the fiber suspension flow guided to the paper machine. 

18. A method according to claims 1 and 2 or claims 6 and 7, characterized m 

that at least one of said second and third flow is adjustable. 

19. A method according to claim 8 or 9, characterized in that the mixture of re- 
tention chemical solution and feed liquid is fed into the fiber suspension flow at least 
partly in form of a spiral jet. 

20. An apparatus for mixing a liquid chemical into a second liquid in a mixing ap- 
paratus (34) comprising at least a casing (50) with inlet conduits therein for the 
chemical to be mixed and the second liquid and one outlet conduit, characterized in 
that the apparatus (34) fiirther comprises at least 

a member (60) placed inside the casmg (50) essentially concentrically with the 
casing, which member via its outer shell (59) separates inside said casmg (50) an an- 
nular space outside the shell (59) and a space inside said shell (59) and 
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a chemical conduit (56) connected with the space inside said shell (59). 

21 . An apparatus according to claim 20, characterized in that said casing (50) is 
essentially rotationally symmetrical. 

5 

22. An apparatus according to claim 20, characterized in that said shell (59) is 
rotationally synunetrical. 

23. An apparatus according to claim 20, characterized in that the aimular space 
10 separated inside said casing (50) by the outer shell (59) of the member (60) is con- 
nected with feeding apparatuses (44, 144) of a second liquid. 

24. An apparatus according to claim 20, characterized in that inside member 
(60), inside the outer shell (59), there is a second shell (61) which together with the 

1 5 shell (59) provides an annular space inside the member (60). 

25. An apparatus according to claim 20 or 24, characterized in that the chemical 
conduit (56) opens tangentially into the inner side of the shell (59). 

20 26. An apparatus according to claim 24, characterized in that the space restricted 
by the shell (61) is rotationally symmetrical and connected with an inlet duct (44, 144) 
of a second liquid. 

27. An apparatus according to claim 24, characterized in that the space restricted 
25 by and mside the shell (61) is connected with an inlet duct (1 64) of a third liquid. 



28. An apparatus according to claim 20, characterized in that the extension of 
the outer shell (59) of the member (60) in the axial direction of the apparatus (34) is 
adjustable. 
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29. An apparatus according to claim 24, characterized in that the extension of 
the inner shell (61) of the member (60) in the axial direction of the apparatus (34) is 
adjustable. 

5 30. An apparatus according to claim 23, characterized in that in the inlet duct 
(44, 144) of a second hquid there is a flow-regulating device (146). 

31. An apparatus according to claim 27, characterized in that in the inlet duct 
(162) of a third liquid there is a flow-regulating device (164). 

10 

32. An apparatus for mixing a retention chemical into the fiber suspension flow 
fed mto the headbox (36) of a paper machine (22), which apparatus comprises devices 
(40) for the pretreatment of the retention chemical and devices for feeding the reten- 
tion chemical into the fiber suspension flow arranged in connection with the flow 

IS channel of the fiber suspension fed into the paper machine, characterized in that the 
feeding devices comprise a mixing apparatus (34), into which both the retention 
chemical and at least one feeding liquid are introduced. 

33. An apparatus according to claim 32, characterized in that said mixing appa- 
20 ratus (34) is provided with a retention chemical conduit (56). 

34. An apparatus according to claim 33, characterized in that said conduit (56) is 
tangential. 

25 35, An apparatus according to claim 32, characterized in that said mixing appa- 
ratus (34) essentially comprises a casing (50) with means (52) for fixing a feedfaig liq- 
uid pipe (44, 44') and an opening (58) for feeding the retention chemical with its 
feeding liquids into the fiber suspension flow. 
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36. An apparatus according to claim 32, characterized in that inside the casing 
(50) of said mixing apparatus (34) there is a member (60) which via its outer shell 

(59) separates inside said casing (50) an annular space outside the shell (59) and an 
inner space of said shell (59). 

5 

37. An apparatus according to claim 32, characterized in that said annular space 
opens into the fiber suspension flow channel (78) through an opening (58) and the in- 
ner space of shell (59) through an opening (64). 

10 38. An apparatus according to claim 36, characterized in that by means of said 
member (60) the cross-section area of the flow path leadmg through the casing (50) is 
reduced in order to increase the flow speed in the mixing apparatus (34). 

39. An apparatus according to claim 36, characterized in that said conduit (56) 
1 5 opens into said member (60) tangentially . 

40. An apparatus according to claim 36, characterized in that in the member 

(60) , inside the outer shell (59), there is a second shell (61) which together with the 
shell (59) provides an annular space inside the member (60), 

20 

41. An apparatus according to claim 40, characterized in that in the member 
(60), arranged inside the annular feed opening (58), there is an annular opening (64) 
for the retention aid. 

25 42. An apparatus accordmg to claim 40, characterized in that the space restricted 
by the shell (61) is rotationally symmetrical and in connection with an inlet duct (44, 
144) of a second liquid. 

43. An apparatus according to claim 40, characterized in that the space restricted 
30 by and inside the shell (61 ) is connected with an inlet duct ( 1 64) of a third liquid. 
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44. An apparatus according to claim 36, characterized in that the extension of 
the outer shell (59) of the member (60) in the axial direction of the apparatus (34) is 
adjustable. 

45. An apparatus according to claim 36, characterized in that the extension of 
the inner shell (61) of the member (60) in the axial direction of the apparatus (34) is 
adjustable. 

46. An apparatus according to claim 32, characterized in that the feeding liquid 
inlet duct (44, 144) is provided with a flow-regulating device (146). 

47. An apparatus according to claim 43, characterized In that the inlet duct (162) 
of a tWrd liquid is provided with a flow-regulating device (164). 

48. A paper machine feeding system comprising at least a gas separation tank (28), 
a headbox screen (32), a feed pipe (70) leading from the headbox screen (32) to the 
headbox (36), a headbox (36) of a paper machine (22), devices (40) for pretreatment 
of the retention aid, devices for introducing the retention aid into the fiber suspension 
flow fed into the headbox (36) and devices (46) for recovering the white water, char- 
acterized in that the retention chemical feeding devices comprise a mixing apparatus 
(34), into which both the retention chemical and the feedmg liquid are introduced. 

49. A feeding system according to claun 48, characterized in that said mixing 
apparatus (34) is connected via a pipe (44) with the devices (46) for recovering the 
white water in order to utilize the white water as a retention chemical feeding liquid. 

50. A feeding system accordmg to claim 48, characterized in that the headbox 
screen (32) is provided with a slot drum, whereby said mixmg apparatus (34) is fixed 
on the feeding pipe (70) between the headbox screen (32) and the headbox (36). 
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SI. An apparatus according to claim SO, characterized in that said mixing appa- 
ratus (34) is fixed on the accept conduit (72) of the headbox screen (32). 

5 52. A feeding system according to claim 51, characterized in that the accept 
conduit (72) of the headbox screen (32) is essentially rectangular. 

S3. A feeding system according to claim 51, characterized in that said mixing 
apparatuses (34) are fixed at two sides of said accept conduit (72) of the headbox 
10 screen (32). 



wo 99/43887 PCT/FI99/00145 

1/10 




RECTIFIED SHEET (RULE 91) 



wo 99/43887 



PCT/FI99/00145 



2/10 




RECTIFIED SHEET (RULE 91) 



wo 99/43887 PCT/FI99/00145 



3/10 



wo 99/43887 PCT/FI99/00145 



4/10 




wo 99/43887 PCT/n99/00145 



5/10 




wo 99/43887 PCT/F199/00145 

6/10 




wo 99/43887 



PCTAFI99/00145 



7/10 




y/O 99/43887 



PCr/FI99/00145 



8/10 




Fig. 8b 



wo 99/43887 



PCT/FI99/00145 



9/10 




Fig. 9 




wo 99/43887 



PCT/FI99/00145 



10/10 




1 

INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/FI 99/00145 



A, CLASSIFICATION OF SUBJECT MATTER 



IPC6: D21H 23/02. D21H 23/20 . • . . ^ • . ^ 

According to Intgrnaiional Patem ClasyificaUon (IPC) or to both nauonal claismcauon and IPC 



B. FIELDS SEARCHED 



Minimum documenuiion searched (classification system followed by classification symbols) 

IPC6: D21H 



Documenuiion searched other than minimum documentation to the extent that such documenu are included in the fields searched 

SE,DK,FI,NO classes as above 



Electronic data base consulted during the intcrnaiional search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Gtation of document, with indication, where appropriate, of the relevant passages 



WO 9102119 Al (ROE LEE PAPER CHEMICALS COMPANY 
LIMITED), 21 February 1991 (21.02.91), claims 
1-17 



6B 2292158 A (ROE LEE PAPER CHEMICALS COMPANY 
LIMITED). 14 February 1996 (14.02.96), see 
abstract 



EP 0270103 Al (MO OCH DOMSJQ AKTIEBOLAG), 
8 June 1988 (08.06.88), see claim 1 



US 4913775 A (JOHN LANGLEY ET AL), 3 April 1990 
(03.04.90), see claim 1 



Relevant to claim No. 



1-19 



1-19 



11 



11 



Further documents are listed in the continuation of Box C. | xl patent family annex. 



* SpenAl categones of cited documents: 

"A* document defining the genera] slate of the art wiMch is not considered 

to be of particular relevance 
"E" erlicr document but published on or alter the international filing dale 

" L" document whjch may throw doubts on priority c]aim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (&s specified} 

document referring to an oral disclosure, use, exhibitian or other 
means 

document published prior to the international fihng date but later than 
the priority dale claimed 



-p. 



T" later document puUished af^er the inteinatiana] filing dale or pnim! 
date and not in conflict with *iie application but dted to understand 
the principle or theory underlying the invention 

' X' document of particular rdevsnce: the elaimcd invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is laxen alone 

'Y* document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step vAicn the document is 
combined with one or more other such documents, such combinaoon 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 



1 June 1999 



Date of mailing of the international search report 

2 0 -06- 1999 



Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
FacsimUeNo. -fASS 666 02 86 



Authorized officer 

Barbro Nilsson/Els 

Telephone No. 46 8 782 25 00 



Form PCT/lSA/210 (second sheet) (July 1992) 



2 



INTERNATIONAL SEARCH REPORT 


International application No. 

PCT/FI 99/00145 




C (ConUnuaUon). DOCUMENTS CONSIDERED TO BE RELEVANT 




Category* 


Qiaiion of documeni, with indicaiion, where appropriate, uf the relevant passages 


Relevant to clatni i\o. 




A 


EP 0745463 A2 (MEDITE CORPORATION), 

4 December 1996 (04.12.96), see abstract 




1-53 




A 


EP 0541457 Al (EASTMAN KODAK COMPANY), 12 May 
1993 (12.05.93), see abstract 


1-53 



Form PCT/lSA/210 (conUnuaUon of second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



03/05/99 



Patent document 
cited in search report 



International application No. 
PCT/FI 99/00145 



Publieuion 




Patent family 


Publlaoion 






member(s) 


date 


zimm 


AU 


6186490 A 


11/03/91 




CA 


2059529 A 


30/01/91 




□E 


69028631 D.T 


27/02/97 




EP 


0485498 A,B 


20/05/92 




ES 


2094161 T 


16/01/97 



WO 9102119 Al 



GB 2292158 A 
EP 0270103 Al 



14/02/96 
08/06/88 



GB 9415013 D 



00/00/00 



AU 8205687 A 

DK 630387 A 

FI 875313 A 

JP 63152495 A 

PT 86270 A 

SE 455795 B.C 

SE 8605182 A 

US 4889594 A 



09/06/88 
04/06/88 
04/06/88 
24/06/88 
17/01/89 
08/08/88 
04/06/88 
26/12/89 



US 4913775 A 



03/04/90 



AT 


52558 T 


15/05/90 


AU 


578857 B 


03/11/88 


AU 


6811887 A 


06/08/87 


CA 


1259153 A 


12/09/89 


EP 


0235893 A.B 


09/09/87 


SE 


0235893 T3 




ES 


2015048 T 


01/05/98 


FI 


83349 B.C 


15/03/91 


FI 


870367 A 


30/07/87 


JP 


1898108 C 


23/01/95 


JP 


6015755 B 


02/03/94 


JP 


62191598 A 


21/08/87 


KR 


9507186 B 


03/07/95 


US 


4753710 A 


28/06/88 


AT 


86693 T 


15/03/93 


AU 


3174989 A 


28/09/89 


CA 


1322435 A 


28/09/93 


DE 


6890520 U 


15/04/93 


DE 


68905208 T 


07/10/93 


EP 


0335575 A,B 


04/10/89 


SE 


0335575 T3 




ES 


2053980 T 


01/08/94 


FI 


97307 B,C 


15/08/96 


FI 


891465 A 


29/09/89 


JP 


2006683 A. 


10/01/90 


JP 


5029719 B 


06/05/93 


JP 


5239800 A 


17/09/93 


KR 


9602733 B 


26/02/96 


NO 


174724 B 


14/03/94 



EP 


0745463 


A2 


04/12/96 


AU 


4792496 A 


12/12/96 








CA 


2168682 A 


03/12/95 










JP 


8325967 A 


10/12/96 


EP 


0541457 


Al 


12/05/93 


CA 


2081581 A 


05/05/93 








JP 


5239786 A 


17/09/93 



Form PCr/ISA/210 (patent family annex) (July 1992) 



